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Abstract: Activities of free-ranging reindeer (Rangifer tarandus) on the Seward Peninsula, Alaska were stu-
died to determine 24-hour behaviour patterns and budgets in winter. Use of daytime active-rest data to 
predict nighttime behaviour resulted in as much as 37% underestimate of nighttime resting and 37% over-
estimate of nighttime activity. Three active-rest cycles occurred daily, synchronous wi th photoperiod. 
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Sammendrag: Aktiviteter hos fritt beitende reinsdyr {Rangifer tarandus) på Seward Peninsula, Alaska ble 
undersøkt for bestemmelse av 24 timers adferdsmønster og -budsjett om vinteren. Bruk av dagtids data 
for aktivitets-hvile t i l å forutsi nattlig adferd resulterte i 37% underestimering av natt-hvile og 37% overes-
timering av natt-aktivitet. Tre aktivitet-hvile cykler inntraff daglig, synkront med fotoperiode. 
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Yhteenveto: Vapaana laiduntavan poron (Rangifer tarandus) aktiivisuutta tutkitt i in Sewardin niemimaalla 
Alaskassa mààrittàmàllà 24 tunnin kayttaytymismallit ja budjetit talvella. Kàyttàmàllâ pàivàajan aktiivisu-
us - lepo -tietoja yôajan kåyttåytymisen ennustamiseen ne alittivat jopa 30%:lla yollisen lepoajan ja ylit t i -
våt 40%:lla yôajan aktiivisuuden. Påivittain esiintyi kolme aktiivisuus - lepo -sykliå samanaikaisesti valo-
jaksojen kanssa. 
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Introduction 
Rangifer exh ib i t a cyc l i c b e h a v i o u r pattern al-
ternat ing between ac t iv i ty and rest. E r r i k s s o n 
et a l . (1981) stated that the b e h a v i o u r pattern 
i n reindeer is characterized b y a short - term 
r h y t h m of feeding and r u m i n a t i n g and a die l 
r h y t h m related to changes i n l ight c o n d i t i o n . 
Boert je (1981), R o b y (1978), Segal (1962), and 
E r r i k s s o n et a l . (1981) stressed the i m p o r t a n c e 
of o b t a i n i n g b e h a v i o u r budgets f o r reindeer, 
c o n s i d e r i n g t h e m to be i m p o r t a n t indicators 
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of range q u a l i t y and h e r d n u t r i t i o n a l status. 
R o b y (1978) and T h i n g (1977) noted the lack 
o f n i g h t t i m e data, e m p h a s i z i n g its i m p o r t a n c e 
to conc lus ions regarding Rangifer b e h a v i o u r 
and energetics. 
Boert je (1985) h y p o t h e s i z e d that b e h a v i o u r 
budgets based o n single active-rest cycles 
s h o u l d represent the p r o p o r t i o n of t i m e spent 
i n var ious behaviours t h r o u g h o u t the 24 h o u r 
p e r i o d . If t rue , there w o u l d be less need f o r 
n i g h t t i m e observat ions . Segal (1962) observed 
that lengths of active-rest cycles of p e n n e d 
reindeer were re la t ive ly constant d u r i n g 24 
h o u r per iods . H o w e v e r , T h o m s o n (1973) 
w a r n e d of potent ia l errors w h e n ca lculat ing 
mean b e h a v i o u r percentages f o r 24 h o u r s 
w i t h o u t h a v i n g data f o r l o n g w i n t e r nights . 
T w e n t y - f o u r h o u r data f r o m this research 
were u t i l i z e d to test Boer t j e ' s hypothes is . 
Study area and population 
Reindeer were observed a p p r o x i m a t e l y 17 k m 
north-northeast f r o m the coastal vi l lage o f 
W h i t e M o u n t a i n o n the Seward P e n i n s u l a , 
A l a s k a . T h e s tudy area conta ined 2 major 
p h y s i o g r a p h i c c o m p o n e n t s : i n l a n d p l a i n s / l o w 
hi l l s and uplands . T h e plains are general ly 
l o w and wet , dissected b y n u m e r o u s meande-
r i n g rivers and sloughs and creeks. Vegeta t ion 
is p r e d o m i n a n t l y sedge tussock and sphag-
n u m . D w a r f and l o w shrubs are f o u n d o n 
dra ined microsi tes . L i c h e n s are re la t ive ly scar-
ce. L o w hi l l s (less than 50 m elevation) o c c u r 
o n some parts of the pla ins . These h i l l s are 
covered w i t h dense stands of w h i t e spruce (Pi-
cea glauca) w h e r e so i l is better dra ined . L o w 
hi l l s also have m o r e l ichens and l o w shrubs. 
U p l a n d s are r o l l i n g hi l l s ranging f r o m 400 
to 600 m elevat ion. Ridges are p o o r l y vegeta-
ted debris f r o m weathered r o c k , whereas h i l l -
sides and val leys have total vegetation cover 
over p o o r l y dra ined , f ine-textured soi ls . 
Sparse r idgetop vegetation consists of scatter-
ed grasses and sedges, few l ichens and dryas 
(Dryas integrifolia). H i l l s i d e s are covered w i t h 
a m i x of s p h a g n u m , sedges, d w a r f shrubs, and 
l ichens. L o w shrubs are abundant o n some 
sites, and w h i t e spruce dominates o n n o r t h -
west slopes. 
T h e s tudy h e r d consisted of a p p r o x i m a t e l y 
400 animals descended f r o m Siber ian reindeer 
transplanted to A l a s k a i n the late 1800's 
(Stern et a l . 1977). T h o u g h i n t r o d u c e d to the 
area as l ives tock , i n recent years the re indeer 
had s e l d o m been herded and were accustom-
ed to selecting the i r o w n range. 
Methods 
H e r d ac t iv i ty was observed f o r 96 h at each 
of 3 f i e ld sites: uplands (site 1), 13.-16. F e b . 
1985; p l a i n s / l o w hi l l s (site 2), 22. -26. F e b 
1985; and uplands (site 3), 7 . -11. M a r 1985. 
Re indeer were observed f r o m a tent- l ike shel-
ter m o u n t e d o n a 3.2 m sled that c o u l d be 
t o w e d b e h i n d a s n o w m o b i l e . A s m a l l o i l 
stove was used to keep the shelter at a p p r o x i -
mate ly 10° C . 
T h e h e r d was observed d u r i n g day l ight 
w i t h the a id of a 15-60 x spot t ing scope. 
N i g h t t i m e observat ions were w i t h the a id of 
a starl ight scope, an i n s t r u m e n t w h i c h a m p l i -
fies exis t ing l ight t h r o u g h a ba t tery-powered 
p h o t o m u l t i p l i e r . D a y t i m e observat ions were 
f r o m 30-1000 m , but most n ight t ime observa-
t ions were made f r o m 30-100 m , since the 
starl ight scope d i d not m a g n i f y f i e ld of v i e w . 
B e h a v i o u r patterns ( frequency and t i m i n g 
of behaviours) and b e h a v i o u r budgets (sums 
of specific behaviours expressed as percenta-
ges of tota l observations) were d e t e r m i n e d 
using the instantaneous scan m e t h o d (Alt¬
m a n n 1974). T h e behaviours of 20 r a n d o m l y 
selected i n d i v i d u a l s were logged o n a m u l t i p l e 
t a l l y counter every 15 minutes over 3 per iods 
of 96 hours each. Behaviours of each i n d i v i -
dual were p laced i n one of 6 categories - bed-
d i n g , feeding, w a l k i n g , s tanding, t r o t t i n g , and 
crater ing. These b e h a v i o u r a l categories are 
described i n detai l b y J ingfors et a l . (1982). 
O b s e r v a t i o n s were not dis t inguished accor-
d i n g to age a n d sex because n i g h t t i m e resolu-
t i o n was insuf f ic ient . 
T h e f o l l o w i n g supplementa l observat ions 
were recorded at 30-minute intervals : temper-
ature, w i n d speed and d i r e c t i o n , c l o u d cover , 
p r e c i p i t a t i o n type , h e r d p o s i t i o n , s lope, expo-
sure, and d i r e c t i o n of m o v e m e n t . 
A f t e r each 96 h o u r observat ion p e r i o d , the 
types of vegetat ion i n areas used b y the r e i n -
deer were n o t e d . D u r i n g a snow-free p e r i o d 
i n 1986, the vegetat ion was described i n grea-
ter detai l ( S m i t h 1987). 
S n o w d e p t h and hardness were recorded at 
each site used b y reindeer . S n o w depths were 
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Figure 1. Periodicity and rhythmicity of reindeer 
activity. The predominant activity (> 50 
%) at each 15 minute scan was used to 
designate activity or rest. 
measured at 10 r a n d o m l y selected po ints . 
S n o w hardness was measured at the same 
poin ts w i t h i n each feeding site us ing a ram¬
sonde penetrometer (Benson 1962). 
Results and discussion 
Environmental conditions 
M i l d w i n t e r weather preva i led d u r i n g per iods 
of observat ion . M e a n temperature was - 1 7 . 5 ° 
C , and the coldest temperature , - 2 9 ° C , was 
w e l l w i t h i n the range described b y Z h i g u n o v 
(1968) as «ineffective» i n i n d u c i n g behavioura l 
changes i n reindeer. M e a n w i n d speed was 4.8 
k m / h and se ldom m o v e d s n o w ; therefore 
w i n d d i d not d i r e c t l y effect reindeer behavi-
o u r . S n o w cover was 100 %, but s n o w depths 
( t y p i c a l l y 10 to 35 cm) were b e l o w cr i t i ca l l i -
mits f o r i n h i b i t i n g m o v e m e n t (Telfer and 
K e l s a l l 1984) o r crater ing (Baskin 1970, H e n -
shaw 1968, L a P e r r i e r e and L e n t 1977). 
Behaviour patterns 
B e h a v i o u r patterns f o l l o w e d a shor t - term, 
p o l y c y c l i c r h y t h m of a l ternat ing ac t iv i ty and 
rest, and a 24 h o u r (diel) r h y t h m attuned to 
the «set points» of sunrise and sunset. These 
resulted i n per iods of ac t iv i ty and rest occur-
r i n g at the same t ime d a i l y , a pattern noted 
b y others (Duquet te 1984, E r k i n a r o et a l . 
1983, and S k o g l a n d 1984). 
H e r d b e h a v i o u r was h i g h l y s y n c h r o n o u s , 
h a v i n g dist inct per iods of ac t iv i ty and rest 
( F i g . 1). M o s t of the h e r d swi tched f r o m gra-
z i n g to rest ing w i t h i n 5 minutes , and a l l o f 
the h e r d w i t h i n 30 minutes . T h e h e r d h a d 
three active a n d three rest per iods per 24 
h o u r s ( F i g . 1), average dayl ight be ing 9.75 h . 
C o n v e r s e l y , E r r i k s s o n et a l . (1981) repor ted 
f o u r to six a c t i v i t y per iods d u r i n g days ha-
v i n g 6 h o u r s day l ight , but a gradual shift t o 
six t o n ine a c t i v i t y per iods per day d u r i n g 
s u m m e r ( c o n t i n u o u s dayl ight ) . B a s k i n (1970) 
and Segal (1962) repor ted f ive to six re la t ive ly 
even ly spaced active-rest cycles. R o b y (1978) 
r e p o r t e d f o u r cycles of a c t i v i t y and rest per 
day a m o n g A l a s k a c a r i b o u d u r i n g m i d w i n -
ter. 
O n s e t o f m o r n i n g ac t iv i ty c o i n c i d e d w i t h 
b e g i n n i n g of t w i l i g h t . T w i l i g h t began earlier, 
relat ive to sunrise , i n p e r i o d 1 t h a n i n p e r i o d 
3, since t w i l i g h t was detectable one h o u r p r i -
o r to sunrise i n p e r i o d 1, but o n l y 30 minutes 
before sunrise i n p e r i o d 3. A t sunrise, v e r y 
f e w deer were s t i l l rest ing ( F i g . 2). T h e first 
a c t i v i t y p e r i o d lasted 5.5 to 7.0 h . M i d - d a y , 
the deer began a rest p e r i o d w h i c h lasted f o r 
0 2 4 6 8 10 12 14 16 18 20 22 24 
Hour of Day 
Figure 2. Synchronization of feeding activity to 
photoperiod. 
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a p p r o x i m a t e l y 2 hours . T h e n feeding resu-
m e d , c o n t i n u i n g i n t o darkness. T h e evening 
ac t iv i ty p e r i o d appeared less cued to onset of 
darkness t h a n the m o r n i n g p e r i o d to beginn-
i n g of t w i l i g h t . 
D i s t i n c t n o c t u r n a l a c t i v i t y peaks were ob-
served ( F i g . 2). B y contrast , T h o m s o n (1973) 
h y p o t h e s i z e d that lack o f v i s u a l contact be-
t w e e n h e r d members w o u l d prevent dis t inct 
ac t iv i ty per iods d u r i n g per iods of darkness. 
Peak n o c t u r n a l feeding was of lesser d u r a t i o n 
(4.5 to 5.0 h) t h a n peaks o f d a y t i m e feeding 
(6.0 to 6.5 h). 
100-, 
Feb 13-16 Feb 22-25 Mar 7-10 
Legend 
Un Day Period Activity 
• i Night Period Activity 
EZ2 24 Hour Activity 
Figure 3. Time allocations for activity and rest du-
ring day, night and 24-hour periods. 
Same symbol over bars indicates signifi-
cant differences (p<0.05) between label-
led values. 
Behaviour budgets 
A t r e n d of decreasing ac t iv i ty and increas ing 
rest was n o t e d across the three per iods (Table 
1, F i g . 3). C l u t t o n - B r o c k et a l . (1982) sugges-
ted that reduced intake helps to reduce ener-
gy expenditures i n s i tuat ions w h e r e ei ther the 
q u a n t i t y and/or q u a l i t y of forage is inade-
quate f o r i n d i v i d u a l d a i l y requirements . S i m i -
l a r l y , M c E w a n and W h i t e h e a d (1970) c o n c l u -
ded that w h e n intake of metabol izab le energy 
declines, c a r i b o u r e s p o n d b y r e d u c i n g met-
abol ic rate and energy expendi ture . A l t e r n a -
t i v e l y , increased rest c o u l d be ascribed so le ly 
to lengthened r u m e n t u r n o v e r t i m e associated 
w i t h decreased forage q u a l i t y . D a t a were not 
col lected to test these hypotheses. 
T i m e al located to the var ious behaviours 
di f fered consis tent ly between day a n d night 
(Table 1). Sunrise and sunset t imes , t aken 
f r o m the N a u t i c a l A l m a n a c , were used to 
subdiv ide the 96 h , c o n t i n u o u s observat ions 
i n t o c o r r e s p o n d i n g day and night p e r i o d s . Re -
s o l u t i o n of the night v i s i o n scope was fre-
q u e n t l y inadequate to d is t inguish cra ter ing 
f r o m feeding ac t iv i ty d u r i n g darkness. There -
fore , the decrease i n crater ing a c t i v i t y at n ight 
(Table 1) was p r o b a b l y m o r e a result o f p o o r 
observer v i s i o n t h a n an actual r e d u c t i o n i n 
crater ing ac t iv i ty . A br ie f s u m m a r y of h e r d 
b e h a v i o u r is as f o l l o w s : 
Feeding - the p r i n c i p a l ac t iv i ty o f the h e r d 
was consis tent ly close to 50 % of t o t a l t i m e . 
Increases i n feeding p r e s u m a b l y o c c u r r e d at 
the expense of bedding , s tanding, and to a les-
ser degree, w a l k i n g ( F i g . 4). C r a t e r i n g and 
t r o t t i n g remained re la t ive ly constant t h r o u g h -
out the s tudy, apparent ly unal tered b y chang-
es i n feeding ac t iv i ty . 
Cratering - represented 1.4 to 7 % of re indeer 
ac t iv i ty ( F i g . 4) and appeared unaffected b y 
other activit ies. A l l s n o w types encountered 
i n this s tudy were t o o h a r d f o r re indeer to 
p u s h t h r o u g h w i t h the i r m u z z l e s to o b t a i n 
forage. 
Bedding - r a n k e d second a m o n g activit ies (Ta-
ble 1, F i g . 1). It i n c l u d e d r u m i n a t i n g as w e l l 
as l y i n g s t i l l . 
Standing - t i m e spent s tanding v a r i e d great ly 
(Table 1), ranging f r o m 2 to 16 % . S t a n d i n g 
ac t iv i ty i n c l u d e d a s ignif icant a m o u n t o f spar-
i n g and t rashing of shrubs b y ant lered deer. 
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'fable 2. Behaviour budgets based on one daytime active-rest cycle versus an entire 24-hour observation.* 
L e n g t h of 
observat ion 
p e r i o d M e a n percent 


















3 pred ic ted 
% difference 2 26 115 60 0 53 
3/9/85 24.00 42.4 37.4 11.4 3.32 0.4 5.6 
3/9/85 9.75 49.3 28.2 10.6 2.7 0.0 9.2 
% difference 16 25 7 18 100 64 
3 observed 
3 predic ted 
3/10/85 24.00 44.7 41.0 8.3 1.2 0.1 4.8 3 observed 
3/10/85 6.25 52.4 39.0 7.2 0.6 0.0 0.8 4 predic ted 
% difference 17 5 13 50 100 83 
* Observation periods were selected at random from the third period of observation. 
Re indeer rested m o r e d u r i n g n ight t h a n 
day. C a l c u l a t i o n of ac t iv i ty and rest, based 
sole ly o n dayt ime observat ions, w o u l d have 
overest imated n ight t ime ac t iv i ty b y as m u c h 
as 37% and underest imated n i g h t t i m e rest ing 
b y as m u c h as 37% d u r i n g at least one of the 
observat ion periods (F ig . 3). T h o s e behav-
iours o c c u r r i n g at l o w frequency (i.e. stand-
i n g , w a l k i n g , t r o t t i n g and cratering) s h o w e d 
the greatest percent e r r o r es t imat ion , al-
t h o u g h differences were not s ignif icant . 
Conclusions 
T h e b e h a v i o u r pattern o f Rangifer has been 
described as a short - term, .po lycyc l i c r h y t h m 
of a l ternat ing periods o f a c t i v i t y and rest. U n -
l i k e m a n y other studies, this s tudy of a c t i v i t y 
patterns was conducted o n a 24 h o u r basis 
and revealed that there are dist inct day a n d 
night phases i n reindeer act ivity/rest . 
A l t h o u g h single dayt ime active-rest cycles 
of reindeer m a y approximate actual 24 h o u r 
behaviour budgets, feeding w i l l l i k e l y be 
overest imated and rest underest imated. R e i n -
deer m a y be 37 % m o r e active d u r i n g d a y 
than n ight and m a y rest 37 % m o r e d u r i n g 
night t h a n day. T h u s , energetics m o d e l l i n g 
and b e h a v i o u r budgets based o n l y o n d a y t i m e 
observat ions m a y be s igni f i cant ly biased and 
of quest ionable value. 
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